Small-scale quasi-periodic fluctuations in electron number density are frequently observed near the plasmapause by the plasma wave instrument on the CRRES spacecraft. The high-resolution density data provided by the CRRES plasma wave instrument make it possible to study the characteristics of density irregularities with amplitudes and scale lengths that are small compared to the thickness of the plasmapause. Also, the large size of the data set makes a statistical analysis of the location of the density irregularities possible.
Introduction
Small-scale plasma density fluctuations are studied by using plasma wave observations from the Combined Release and Radiation Effects Satellite (CRRES). This spacecraft provides measurements near the equatorial plane at radial distances extending out to about 6.3 Re (Earth radii). Several previous spacecraft, most notably OGO 5, GEOS 1, and GEOS 2, have provided plasma density measurements in this same region. The plasma density measurements made by the light ion mass spectrometer on OGO 5 had a time resolution of 4 s [Harris and Sharp, 1969] . The OGO 5 data showed large density fluctuations near the plasmapause in the bulge region after periods of enhanced fluctuating geomagnetic activity [Chappell et al., 1970; Carpenter and Chappell, 1973] . The relaxation sounder experiments on board GEOS 1 and GEOS 2 produced electron density measurements once every 22 s in the routine operating mode, or once every 86 ms in the fpe tracking mode [Higel, '----175
CRRES Orbit Parameters and Plasma Wave Instrument
The CRRES spacecraft was launched on July 25, 1990 [Johnson and Kierein, 1992] , into an elliptical Earth orbit with an initial perigee altitude of 350 km and an apogee geocentric radial distance of 6.3 Re. The orbit has an inclination of 18.2 ø, a period of 9 hours 52 min, and an initial magnetic local time at apogee of 0800 ].
The CRRES Plasma Wave Experiment includes a spectrum analyzer that produces high-time-resolution electric field spectra in the frequency range from 5 Hz to 10 kHz and a sweep frequency receiver (SFR) that produces highfrequency-resolution electric field spectra in the frequency range from 100 Hz to 400 kHz . The sweep frequency receiver measurements are obtained in four frequency bands with 32 steps per band. Band 1 (100-800 Hz) produces one spectrum per 32 s. Band 2 (800 Hz to 6.4 kHz) produces one spectrum per 16 s. Band 3 (6.4-50 kHz) and Band 4 (50-400 kHz) are sampled at a rate of 4 steps/s each and produce one spectrum every 8 s. The electron number density is calculated from narrow-band emissions at the upper hybrid resonance frequency, fu•R [Mosier et al., 1973] , and from the cutoff at the plasma frequency, ft,, of continuum radiation [Gurnett and Frank, 1974] . Because these emissions usually occur in bands 3 and 4, electron number density values are normally produced every 8 s. This sampling rate is higher than that produced by previous spacecraft and allows the study of density fluctuations with periods as small as 16 s. Figure 1 
Computation of the Electron Number Density
Narrow-band upper hybrid resonance emissions are often detected in the plasmasphere and often make a smooth transition to a cutoff of continuum radiation emissions at the electron plasma frequency outside the plasmapause [Shaw and Gurnett, 1975] . These emissions are frequently observed in the CRRES spectrograms and provide a useful method of calculating the electron number density. The plasma frequency cutoff of continuum radiation is present from approximately 2026 UT to 2101 UT in the upper portion of the spectrogram in Figure 1 
Error Analysis of Tracing Procedure
Several sources of uncertainty are present in the determination of the upper hybrid and plasma frequencies during the tracing procedure. The uncertainties can be categorized as instrument noise, noise due to the characteristics of the upper hybrid and plasma frequency emissions profiles, and error due to human interpretation of the tracing procedure. The instrument noise is negligible compared to the other two sources. Upper hybrid and plasma frequency emissions are often detected in several frequency channels during a given 8.192-s sweep interval. This spread in frequency introduces errors in the tracing procedure. In most cases it is appropriate to choose the pixel that represents the frequency channel with the most intense emission. Where continuum radiation is clearly present, it is usually appropriate to choose the frequency at which the cutoff of the emission occurs. Sometimes, time periods occur where there is no clear indication of the correct choice of frequency channel using the above guidelines. In such cases the individual making the trace must determine the correct frequency by inference of the behavior of the emissions that occur immediately before and after this time period. Therefore each trace contains uncertainties due to the inherent thickness of the upper hybrid emission line or the plasma frequency cutoff and due to human interpretation of the profile. These two sources of uncertainty are not easily distinguishable, and both contribute to the error spectrum.
The spectral analysis, described in the next section, examines the power spectra of selected density profiles. These spectra are produced by performing a fast Fourier transform on the density time series and plotting the squares of the Fourier coefficients versus frequency. The error spectrum introduced by the tracing procedure can be evaluated by taking the difference of two traces of the same time period. The power spectrum of the difference of the two traces is assumed to be the error spectrum for this time series and contains all of the sources of uncertainty discussed above. The power spectrum is considered to be reliable only in the frequency range where the level of the power spectrum is greater than the level of the error spectrum. The power spectra and error spectra included in this analysis usually have amplitudes that are comparable for frequencies greater than 30-40 mHz. Therefore all conclusions of this paper are based on spectral components with frequencies less than 30-40 mHz.
One other potential source of error should also be discussed, error in the electron density spectrum due to variation in the times at which the upper hybrid profile intersects the SFR sweep. Density values are determined when the SFR sweeps across the frequency channel in which the upper hybrid or plasma frequency emission occurs. As the rUHR orf•, emissions fluctuate, they are observed in different frequency channels during successive sweeps. The sampling is then not regularly spaced in time. The nonuniform sampling thereby introduces an error in the power spectrum. In order to find the error in the time interval between data values, the maximum change Af/f between consecutive upper hybrid frequency values was found during the time periods being analyzed. When log f = /3t was used as an approximate representation of the SFR sweep, it was found that the maximum error in data spacing is At/T • 0.035, where T = 8.192 s is the sweep period. It can be shown analytically that this error has a negligible effect on the power spectrum. As a specific test of the effect of nonuniform sampling on the power spectrum, random errors of magnitude -At -< t -< + At were introduced into the time series. The power spectra found for the modified time series did not differ significantly from the power spectra of the original time series. Figure 6 , differs from most of the time periods examined in that the electron density stays relatively constant with a lower average density throughout the entire time period while still containing significant density fluctuations. The spacecraft is outside the plasmasphere during this entire time series. The power spectrum of this time series showed one large peak near 2 mHz when a period of 500 s was used in the detrending process. To determine whether a spectral component not due to the detrending process is present at 2 mHz, this time series was detrended by using a 1500-s time period. The 1500-s detrending period produces the peak near 0.7 mHz in the power spectrum shown in Figure 7 . A peak is still present at 2.4 mHz, although the error of a spectral component is greater than the amplitude of the peak. Figure  8 shows the smoothed spectrum with a spectral resolution of 1 mHz. A peak is still present during this time. The average satellite velocity, v s, can be used to approximate the spatial size of density irregularities with these frequencies. The average spacecraft velocity for this time period is 1.81 km/s. The wavelength for irregularities with this frequency is found by using 
Spectral Analysis of Density Fluctuations

Conclusions
Small-scale electron density fluctuations are observed by the CRRES satellite in the magnetosphere near the plasmapause. Power spectral analysis of density profiles that contain data from the outer plasmasphere sometimes have spectra that are similar to the Kolmogorov spectrum. Therefore well-developed two-dimensional MHD turbulence apparently exists in these regions. In other cases, density profiles sometimes produce power spectra that contain welldefined peaks, suggesting the presence of quasi-periodic Density structures in the plasmasphere have been studied recently using the Very Large Array radio-interferometer [Jacobson and Erickson, 1993] . The density irregularities observed in this study are called magnetic-eastward-directed (MED) irregularities. Two cosmic radio sources are observed from each of two or three radio antenna pairs. These antenna pairs are located along an axis parallel to the line of motion of the observed density irregularities. The lines of sight of the antennas remain fixed on the radio sources, which move westward across the sky as the Earth rotates.
Density irregularities that are assumed to be located in the corotating plasmasphere will then appear to move eastward across the lines of sight of the antennas. Analysis of the motion of density irregularities across the lines of sight to the radio sources are used to determine the trace speed and altitude of these irregularities. These MED irregularities were originally thought to be located in the ionosphere, but recently they have been determined to occur in the plasmasphere and to corotate with the Earth. These irregularities occur most often in the L shell range 2.0 •< L •< 3.0. It was also found that the density irregularities in higher L shells were observed at higher magnetic latitudes. The irregularities have wavelengths perpendicular to the magnetic field of approximately 30-40 km and amplitudes of the order of 100 cm -3. These MED irregularities may be part of the same spectrum of density irregularities observed in this spectral analysis, but wavelengths of 30-40 km would appear near or above the Nyquist frequency and would not be clearly seen in these power spectra. The results of the spectral analysis of the CRRES density data showed some density structures with spatial scales along the orbit of approximately 750 km. The electron density fluctuations occur in the L shell range 1.5 < L < 8.5. Although measurements are taken with magnetic latitude of -<28 ø and the scale length of the structures found in this spectral analysis are larger than the size of the MED irregularities found in the radio-interferometer study, some density structures observed in the CRRES density profiles may coincide with the size of the MED irregularities. This implies that some of the density structures observed by CRRES could be the same as the MED irregularities that are stationary with respect to, and corotating with, the plasmapause.
During approximately 75% of the upper hybrid resonance frequency fluctuation events observed in this study, emissions are also often observed below 100 Hz in the portion of the spectrogram produced by the spectrum analyzer simultaneously with fluctuations in the upper hybrid resonance frequency fluctuations. The low-frequency emissions have the largest amplitudes when the upper hybrid resonance frequency fluctuations are largest, and they occur most often in the outer plasmasphere. These low-frequency waves appear to be associated with, and perhaps are a highfrequency extension of, the density fluctuations we have been studying.
A study of possible mechanisms that produce these density irregularities is beyond the scope of this report, but a few possibilities can be mentioned. Park and Helliwell [1971] suggested that lightning discharges produce electric fields perpendicular to geomagnetic field lines. It is postulated that these electric fields are mapped into the plasmasphere along the field lines. The resulting E x B drift then causes flux tubes to rotate about the magnetic field lines. Flux tubes with smaller electron density rotate inward and are replaced by higher-density tubes that are rotating outward. This interchange appears as a fluctuation in a density profile produced by a spacecraft flying through such a structure. Density irregularities could also be produced by MHD waves or plasma depletions in flux tubes caused by ionospheric effects. Finally, two-dimensional MHD turbulence could be caused by a velocity shear at the plasmapause. The plasma inside the plasmapause corotates with the Earth and flows with a velocity relative to the nonrotating plasma outside the plasmapause. This velocity shear will produce a KelvinHelmholtz instability at the plasmapause that can evolve into well-developed turbulence.
